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DISCLAIMER

The statements and conclusions in this report are those of KVB, Inc¢. and not
necessarily those of the California Air Resources Board. The mention of
commercial products, their source, or their use in connection with material
reported herein is not to be construed as either an actual or implied endorse-

ment of such products.
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ABSTRACT

An inventory was conducted of the average annual emissions of air

pollutants; NOX, SO CO, particulate matter and hydrocarbons; from oil

%!
production operations in the state of California. The emissions were
generated on a lease-by~lease basis and aggregated and reported by (1) oil
field (with associated geographical location), (2) County, and (3) Air

Basin. Preparation of this emission inventory involved field surveys of
representative production sites for equipment inventorying; field tests of oil
field IC engines and heaters for emission factor development; and processing

of extensive data from the California Division of 0il and Gas, the American

Petroleum Institute, and other sources for emissions calculation.

On the basis of this program it was concluded that the emissions from
0il production in California are a significant portion of the total emissions
from stationary sources. In the South Coast Air Basin alone, oil productiocn
accounted for 18 percent of the CO, over 3 percent of the NOX, 2 percent of
the SOX, over 3 percent of the hydrocarbons and less than 1 percent of the

particulate stationary sources emissions during the 1979 study year.
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SECTION 1.0

BACKGROUND

Crude oil production in California is a significant air pollution
emission source. A 1976 inventory conducted by KVB showed 5 percent of the
total hydrocarbon emissions in the South Coast Air Basin resulted from crude
0il production, In addition to these fugitive hydrocarbons, the engines,
heaters, steamers and fireflooding operations in the oil fields produce con-
siderable quantities of nitrogen oxides, sulfur oxides and fine particulate

matter.

There were approximately 230 active o0il fields and over 43,000 oil
wells in California when this program began in 1979, some located in very
remote locations. While the California Division of 0il and Gas (DOG) regu-
lates the various o©il preduction operations and wmaintains location and
production data for each well, there was very little information available
concerning the type or gquantity of eguipment located at each site. There are
many oil production companies ranging in size from the "major" oil companies
to small independent producers who may own only one oil well. In addition,
there are many small independent companies who specialize in well drilling,
remedial work and welding services as subcontractors to these o0il production

companies,

The ARB in their continuing effort to upgrade the statewide emissions
inventory and provide assistance to the local air pollution control agencies
engaged KVB in 1979 to inventory the emissions from primary and secondary oil
production. In 1981 the program was expanded to include tertiary or thermally
exhanced production. There was a program hold of approximately one year while

funding for the latter segment was obtained.

California is the fourth largest producer of crude oil in the United
States. As such, the petroleum industry is an important contributor to the

state's economy. The industry can be expected to grow in California as
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production of the vast heavy oil reserves is increased due to the development

of improved recovery techniques and economic incentives.

SECTION 2.0

OBJECTIVES

The primary objective of this program has been to quantify the average
annual hydrocarbon, Nox, Sox, CO and particulate emissions associated with oil
recovery and gas processing for the State of California on an oil field or gas
plant, county, air basin and statewide basis. California's oil producing
activities are concentrated in the counties of Orange, Los Angeles, Monterey,
San Luis Obispo, Santa Barbara, Venture, Kern and Fresno as well as offshore

production locations in state and federal waters.

SECTION 3.0

PROGRAM APPROACH

As in any inventory program the basic approach is to locate and iden-
tify emission sources and apply suitable emission factors to compute and then
categorize the emissions. Because there are so many individual sources of oil
production emissions {43,000 oil wells in approximately 230 fields) it was
necessary to use sampling procedures in order to develop both the number of
sources and emission factors. Realize that in California there are over 1.5
million oil field valves and three million oil field fittings. Various tech-
niques can be used to complete existing information from which emissions could

be determined. This section summarizes the general approach taken by XVB.

As stated above, the primary objective of the inventory was to compile
emissions of the five criteria pollutants, NO., SOy, particulate, THC, and CO
by}oil field or gas plant, county, air basin, and state. To ensure that a
proper representation of oil field characteristics and operations were
incorporated in the sampling process, oil fields were grouped according to

specific parameters. Representative fields from each group were then selected
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for inventory. The inventory procedures were further refined by inventorying
specific leases at each field. The lease was the lowest level on which data

were compiled.

KVB crews visited over 30 0il production sites including offshore
platforms, production islands and gas plants. These sites were systematically
selected as representative of various o0il leases in the state, Detailed
counts were made of valves, fittings, and surface equipment associated with
petroleum production or gas processing. The estimated 2,500 leases in the
state were segregated into ten categories. For each of the ten categories,
unigue emissions models or algorithms were prepared. The emissions for each
respective lease in that category were then determined based on the number of
wells and throughput rate for that lease. Two other category mcdels were
developed which covered the special cases of (1) gas plants, and (2) onshore
treatment facilities which receive crude and gas produced by the offshore

platforms.

These lease category models were constructed using the following
procedure. Fugitive hydrocarbon emissions from sources including valves,
fittings, sumps, pits, mechanical oil/water separators, compressors, etc. were
quantified on a lease-by-lease basis using the appropriate lease algorithm
along with the number of wells on that lease. These fugitive~hydrocarbon
sources were inventoried at each production survey site by type (i.e., globe
valve, threaded fitting, rotary seal...etc.). Using the hydrocarbon leakage
rate data published by the American Petroleum Institute (API) (Ref. 1)} the
total emissions per hardware item category (i.e. valve, fitting sumps, etc.)
was obtained. Summing the emissions from all sources in a particular hardware
item category for the production sites surveyed within a lease model group and
dividing by the total number of wells surveyed in that group produced an
emission algorithm for each hardware item category in units of 1lb/day of
emissions per well. These hardware item algorithms were then summed to obtain
a unique model for that lease which included emissions from valves, fittings,
pumps, compressors, etc. Then, to estimate the fugitive hydrocarbon emissions
from a given lease, the number of wells for that lease was multiplied by that

unigque lease model parameter.
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Tank breathing loss and working loss emissions were calculated as a
function of production rate or annual throughput. Based on a model developed
from a statistical sampling of lease tank capacities versus annual production
rates, the tank capacity for each lease was determined. The lease tankage, in
a given field was summed to find total tankage which was used to determine
annual breathing loss emissions. The total field production rate was used to
determine working loss emissions. These emissions were calculated from algo-
rithms developed from the AP-42 fixed-roof tank emission equations and tankage
characteristics specific to the oil fields. Separate algorithms were used for

tankage with and without vapor contrcl.

Steam generators, heater treaters, boilers, fire floods and IC engines
were inventoried on a field rather than lease basis. The statistical basis
for these were IC engine count; heater treater, steam generator and boiler
capacity or rated heat input rate; plus incremental oil production rate
resulting from fireflooding operations, Emission factors for the various
emission sources were developed from (1) KVB's field testing program
(conducted under this contract), (2) AP-42, and (3) KVB's tertiary oil

recovery report (Ref. 2), previously prepared for ARB.

A computer program, written for this project, aggregated the emissions
from each of those sources by field, county...etc, Emissions calculated by
the program were expressed as metric tons/year. Each field was located by up

to six Universal Transverse Mercateor (UTM) coordinates.

SECTION 4.0

SUMMARY OF RESULTS

4,1 TOTAL ANNUAL EMISSIONS

The primary results obtained in this program were a quantification of

NO S04, THC, particulate, and CO emissions associated with oil production

xl
and gas processing on a field or gas plant, county, air basin and statewide
basis. These emissions included those from Fresno, Kern, Orange, Los Angeles,
San Luis Obispo, Monterey, Santa Barbara, and Ventura Counties and the

offshore producing locations in state and federal waters. These areas include
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nearly all the major oil fields in the state. The total annual emissions in
metric tons for each facility by county are presented in Table 1. The
emissions by air basin and emission category are presented in Tables 2 through
5. The total statewide emissions associated with petroleum production based

on the eight-study counties are presented in Table 6.

Aggregated in this table are emissions associated with tanks, well
cellars, sumps and pits, valves, fittings, well heads, pumps, compressors, IC
engines, heater treaters, steamers and boilers, mechanical oil/water
separators, fireflooding, and flares. Not included, as explained below, are
emissions associated with oil well drilling and steam enhanced oil recovery

well vent emissions.

On the basis of these results, it can be seen that emissions from oil
production are a significant portion of the total emissions from stationary
sources in California. Table 7 compares the South Coast Air Basin emissions
for petroleum production as estimated by this program tc the Draft 1979
Stationary Source Emissions Inventory prepared by the South Coast Air Quality

Management District.

4.2 DRILLING RIGS

Drilling rig emissions were calculated on a regional basis rather then
a field by field basis. This approach more accurately estimates the total
annual emissions and eliminates wide fluctuations which might occur in a given
field from vear to year due to increases or decreases in drilling activity.
Further, the regional approach also acccunts for "wildecatting" and other
drilling which occurs outside specific o0il field boundaries. The results of

the analysis for the year 1979 are presented in Table 8.

Drilling in California is done by electric, gas and diesel powered
rigs. In the course of drilling an oil well, a rig's power plant will vary
between idle and full load depending upon depth, hardness of formation and
whether the rig is drilling or performing some other operation. The approach

used by KVB was to plot the fuel used per day and the days required to drill
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TABLE 7. COMPARISON OF SOUTH COAST AIR BASIN OIL
PRODUCTION EMISSIONS TO THE SOUTH COAST AIR QUALITY
MANAGEMENT DISTRICT DRAFT 1979 EMISSION INVENTORY

Emissions (thousand metric tons/yr)

THC co NO_ S0, Particulates
Total Stationary Sources(1) 783 198 146 70 175
Petroleum Production(2) 28 36 4.9 1.4 0.1
Petroleum Production Percentage 3.6 18.2 3.4 2.0 0.06

(1)Source: Annual Report For 1980 on The South Coast Air Quality Management
Plan, South Coast Air Quality Management District, September, 1981.

(2)Source: South Coast Air Basin emissions estimated by this program.
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TABLE 8, POLLUTANT EMISSIONS FROM DRILLING RIGS IN 1979

{(Metric Tons/Yr)

NOx SOx co THC Particulates
San Joaquin Valley
Diesel N 22 72 26 24
Gas 59 (a) 7 24 Nh(b)
Coastal Area
Diesgel 111 7 24 9 8
Gas 38 (a) 5 16 na(b)
Los Angeles Basin
Diesel 53 4 12 4 4
Gas 8 a) 1 3 NA(b)
600 33 121 82 36

Emission Factor Source: AP-42 Tables 3.3.2-1 and 3.3.3-1

(a)

Less than one metric ton

(b)Emission factor not available in ApP-42

15
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for various depth wells in the San Joaquin Valley, Coastal Area, and the Los
Angeles Basin. This integrated the many cycle fluctuations involved in

drilling a wéll.

To calculate emissions it was necessary to first determine the average
depth well drilled in each region. From that the total amount of equivalent
diesel fuel required could be found frcom the graphs of fuel per day and time
required versus depth. This was apportioned into diesel fuel and natural gas
using the horsepower ratios of the rigs located in each region. A correction
was also made for electrically driven rigs. The emissions were then

calculated using AP-42 emission factors.

4.3 TERTIARY OIL RECOVERY WELL VENTS

Steam enhanced oil recovery well vents have been found to be
significant sources of hydrocarbon emissions. These emissions can be
controlled through the use of centralized vapor recovery systems, however, in
many locaticns there is no control system used. Using recently published
data, prepared by Radian for EPA (Ref. 3), KVB has analyzed the volatile
organic compound (VOC) emissions resulting from these well vents on a field-
by-field basis. These emissions are reported separately and were not included
in the computer program as VOC's were not compatible with the computer program
and the emissions data became available after the computer program had been

written. The emissions are summarized in Table 9.

4.4 IC ENGINE EMISSION FACTORS

During the test phase of this program, KVB found wide variations in
engine operating conditions and emission levels of CO, NO,, and THC. The
findings suggest that there is no single correlation between the emission
levels and any specific operating parameter. However, using the results from
testing 22 IC engines, a set of overall emission factors was developed. These

are presented in Table 10.
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TABLE 9.

WELL VENT VOC EMISSIONS FROM STEAM ENHANCED

CRUDE OIL PRODUCTION WELLS

VOC Emissions

County Field Metric Tons/yr
Fresno Coalinga 6,390
Monterey San Ardo 36
Santa Barbara Cat Canyon 0

Santa Maria Valley 39
Casmalia 0
San Luis Obispo Guadalupe 0
Arroyo Grande o}
Orange Yorba Linda 9,110
Huntington Beach 46
Brea-Olinda 1
Newport, West 2
Ventura Shiells Canyon 69
Oxnard 1
Tapo Canyon, South 1
Kern Belridge, South 56,500
Cymric 317
Edison 333
Fruitvale 2
Kern Bluff 18
Kern Front 1,470
Kern Front/Poso 15
Kern River 24,700
Lost Hills 285
McKittrick 2,250
Midway Sunset 23,300
Mount Poso 9,380
Poso Creek 54
Temblor Valley 2

Los Angeles

Belgian Anticline
Buena Vista
Railroad Gap
Tejon

Wheeler Ridge
Edison, Northeast

Placerita
Wilmington

[

—h
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4.5 FIELD HEATER EMISSION FACTORS

Tests conducted on eight oil field heaters and heater treaters
indicate that NOx emission levels are low., The test results also showed that
the levels of CO, THC and carbon (Bacharach Smoke Spot Number) could be quite
high due to either a combustion air excess or deficiency resulting from poor
tuning or partially plugged air inlets. Composite emission factors for the

eight heaters are presented in Table 11.

SECTION 5.0

CONCLUSIONS

This program has resulted in a comprehensive emission inventory for
the oil production industry in California for the year 1979. 1In addition, a
computerized emissions data base has been compiled which with the developed

methodology can be updated annually.

SECTION 6.0

RECOMMENDATIONS

For the most part; housekeeping at the sites visited was relatively
good and at several sites it was impressive. There were several sites which
were in need of cleanup and valve and fitting maintenance. 0il leaks and
spills and poorly maintained piping and equipment contribute significantly to
fugitive hydrocarbon emissions. Valve and fitting maintenance requirements
developed jointly by the oil industry and the air requlatory agencies and the
sump and pit reduction program conducted by the Division of 0il and Gas should
gignificantly reduce fugitive emissions. Additionally, general housekeeping
and maintenance of equipment such as tanks needs to be encouraged. Well vents
currenty release large amounts of VOC emissions. These quantities will
increase as the use of thermally enhanced production increases. These emis-
sions should be controlled both from an air quality and a product loss

standpoint.
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There is a lack of comprehensive test derived emission factors for
valves, fittings and other components associated with heavy o0il preoduction.
Heavy oil production is growing in California due to improved recovery tech-
nology and a changing economic climate., Hence, an emissions testing program
similar to that conducted by Rockwell for API should be performed to establish

emissions data for equipment associated with heavy oil production.

Shortcuts were used in this program to estimate emissions from tanks
and sumps because data and methocdologies required to perform more specific
estimates of these emissions are not available at this time. While tanks are
a significant source of hydrocarbon emissions, adequate estimating methods
have not been developed so that emissions can be accurately assessed for even
a single tank. This is considered a major research area which needs to be

pursued by both regulatory agencies and industry.

It is recommended that the methodology and data base developed during

this program be adopted as a foundation for future work.

SECTION 7.0

VALUE TO ARB'S RELEVANT REGULATORY PROGRAM

Data developed during the program in addition to upgrading the State's
emission inventory data base also provides the inventory information necessary
to revise and upgrade implementation strategies for the study counties, air
basins, and the entire State. Emissions information from this program is
available by pollutant and emission source category on a field or gas plant,
county, air basin, and statewide basis, In addition, emissions associated
with well vents and drilling rigs, which were not computerized, are presented

on a field or regional basis.

Emissions information generated by this program for IC engines and
drilling rigs provide pertinent input to the development and modification of
emission control rules. Model rules for oil field wvalves and fittings and
well vents have been prepared and are in various stages of implementation by
the cognizant APCD's. The information developed by this project can be used

to update the information base used to develop these rules.
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